Investigating the Merging Behavior at the Floor-stair Interface of High-rise Building Based on Computer Simulations  by Ding, Yuanchun et al.
 Procedia Engineering  62 ( 2013 )  463 – 469 
Available online at www.sciencedirect.com
1877-7058 © 2013 International Association for Fire Safety Science. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Asian-Oceania Association of Fire Science and Technology
doi: 10.1016/j.proeng.2013.08.088 
ScienceDirect
The 9th Asia-Oceania Symposium on Fire Science and Technology 
Investigating the merging behavior at the floor-stair interface of high-
rise building based on computer simulations 
Yuanchun Dinga,b, Lizhong Yanga,*, Ping Raoa 
aState Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230026, China 
bSchool of Resources and Environmental Engineering, Jiangxi University of Science and Technology, Jiangxi 341000, China 
Abstract 
The merging behavior at the floor-stair interface of high-rise building based on computer simulations is investigated in this paper. A 
landing with dogleg stairs is adopted in this research. Four different configurations show that the evacuation time is almost a linear 
function to the number of storeys. Furthermore, the door from the floor to landing, which is on the opposite side of the landing to the 
incoming stair, is the best situation to improve the upper floors’ evacuation effect, and restrain the lower floors’ evacuation. At the same 
time, the door from the floor, which is adjacent to the incoming stair, is the worst situation to improve the lower floors’ evacuation, and 
restrain the upper floors’ evacuation. Additionally, with these results obtained in this paper, the building designer can select a more 
suitable position to place the evacuation doors. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
Keywords: Merging behavior; High-rise building; Evacuation; Computer simulations 
1. Introduction 
Several recent fires in high-rise buildings have awakened renewed interest in fire safety on the part of the public, and in 
particular, apartment dwellers. In case of fire in a high-rise or multiple-occupancy building, many evacuees utilize a 
staircase at the same time [1, 2]. In the staircase, merging occurs between the evacuees descending from upper floors and 
ones entering the staircase at lower floor levels. This merging may have an impact on escape time not only on the fire floor 
but also on the time for evacuating the entire building [3]. In recent years, much has been written concerning human 
behaviour associated with evacuation from high-rise buildings and the behaviour of people while descending stairs (see for 
example [4-7]), and relatively little detailed attention has been focused on the merging behaviour of occupant flows on 
staircases. For example, Hukugo et al. [8] suggested that the merge ratios between stair and floor may be dependent upon 
which stream first established itself, if both streams arrived at the merge at the same time, the bias was in favour of the floor 
(average 60%), otherwise approximately 50:50 merging occurred. Takeichi et al. [9] investigated the effects of mergence of 
crowds in a staircase and the ease of merging with variations in crowd density, directions of mergence, and whether the door 
connecting a hallway to a staircase was opened or closed. The results suggested that the evacuation speed is decreased by 
30%when the door is initially closed. Galea et al. [10] represented the merging process at the floor-stair interface is 
examined within a comprehensive evacuation model and trends found in experimental data are compared with model 
predictions. The analysis suggests that the representation of floor-stair merging within the comprehensive model appears to 
be consistent with trends observed within several published experiments of the merging process. Boyce et al. [11] made 
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some experiments to investigate merging behaviour in a staircase, and obtained those potential influences of geometrical 
location of floor relative to the stair, relative door/stair widths and population characteristics on merge patterns and 
indicated that much more work was required in this area. However, to the best of the authors’ knowledge, the merging 
process at the floor-stair interface has not been fully investigated, such as, in china, lots of buildings have the configuration 
as Fig. 1, which has those doors lie in the opposite places of those stairs, however, it has not been mentioned at all. This is 
the main activation of this paper. 
In this paper, the merging behaviour at the floor-stair interface in computer simulations of high-rise building evacuations 
is investigated. A landing with dogleg stairs is adopted in this research. Four different configurations are examined: In Case 
1, the door from the floor is adjacent to the incoming stair, in Case 2, the door from the floor is on the opposite side of the 
landing to the incoming stair, in Case 3, the door from the floor is on the opposite side of the landing to the outgoing stair, 
while in Case 4, the door from the floor is adjacent to the outgoing stair. This test case is used to examine more complex 
behaviour associated with merging flows at the floor-stair interface. Simulation shows that different place of the door from 
the floor can influence the evacuation effect greatly, and where the door should be placed is decided by the real situation. 
 
Fig. 1. Opposite door in the floor-stair interface. 
2. Evacuation modeling software 
Pathfinder is a new evacuation simulator. Unlike flow-based or cell-based models, Pathfinder uses techniques from 
current computer science research to model the movement of individuals, building on technology used in the gaming and 
computer graphics industries. Pathfinder provides the tools necessary to make confident decisions regarding building layout 
and fire protection system design. Multiple simulation modes and customizable occupant properties let you easily explore 
different scenarios, allowing calculation of conservative and optimistic bounds on expected evacuation times. Pathfinder is 
an agent-based egress and human-movement simulator which uses steering behaviors to model occupant motion and 
consists of three modules: a graphical user interface, the simulator, and a 3D results viewer. Pathfinder provides the 2D 
View, 3D view, and Navigation View for working on evacuation models. These main views represent your current model. 
The environment of motion is a 3D triangulated mesh which can be entered manually or automatically based on imported 
data. The mesh is designed to match the real dimensions of a building model. Occupants are modelled as upright cylinders 
on the movement mesh. They travel using an agent-based technique called inverse steering. Each occupant can be given a 
unique set of parameters (maximum speed, exit choice, 3D model, etc.) and calculates movement independently. The 
current physical state of the occupant and a collection of parameters are two essential data components for occupants. Each 
occupant record contains the data shown in Table 1. By default, the speed, delay, and size are obtained from the occupant’s 
profile. They can also be edited for an individual occupant [12, 13]. Currently, Pathfinder uses three steering behaviors: seek, 
avoid walls, and avoid occupants. Each behavior awards a cost between 0 and 1 for each projected point whose net cost is 
the weighted sum of these three values. Once the lowest cost direction has been determined, a steering velocity and 
acceleration are calculated that will move the occupant in the steering direction. The acceleration is calculated with the 
following equations [14]: 
max1des desv d c v                                                                           (1) 







                                                                               (2) 
where desd  is the lowest cost direction, c  is the maximum of the individual steering costs for that direction, excluding the 
seek cost, maxv  is the occupant’s maximum velocity on the current terrain, maxa  is the maximum acceleration on the current 
terrain, and currv  is the current velocity. 
Explicit Euler integration is then used to calculate the velocity and position of each occupant for the next time step from 
their steering acceleration. The velocity and position are calculated as follows: 
next currv v a t                                                                               (3) 
next curr nextp p v t                                                                          (4) 
where t is the time step size, currp  is the current position, and nextp  is the position after the time step. 
It is worth to point out that there are also many successful important researching results which are obtained based on 
pathfinder software. For example, based on an evacuation model established by Pathfinder, Ref. [15] presented the effect of 
staff density, and exit conditions on evacuation time, and the results showed that it was connected with exit conditions 
whether there is a linear relationship between evacuation time and staff density. In addition to egress width, exit layout may 
also have a great influence on evacuation time. Furthermore, the evacuation process of a large underground banquet hall 
was simulated by using the software Pathfinder in [16], and according to the simulation results, reasonable 
recommendations about fire safety of the large banquet hall was proposed. In this paper, this software is also used as the 
main research tool to obtain the desired results.                                                    
 Table 1. Occupant properties 
Property Description 
Name Name of occupant 
Exit The exit for the occupant 
Speed The maximum walking speed 
Delay The initial delay before motion 
Size The radius of the occupant 
Colour Colour used to display occupant 
Coordinate Location of occupant in 3D space 
3. Description of the numerical simulation 
Numerical simulation is more representative of a floor-stair interface and represents a landing with dogleg stairs. One set 
of stairs approaches the merging landing from the floor above while another set of stairs continues from the merging landing 
to the landing below. Four different configurations are examined: In case 1, the door from the floor, which is adjacent to the 
incoming stair (see Fig. 2 and Fig. 3(a)), is located in the corner furthest from the stairs and on the wall perpendicular to the 
stairs. In case 2, the door from the floor, which is on the opposite side of the landing to the stair (see Fig. 2 and Fig. 3(b)), is 
located on the wall dead against the centre of incoming stair. in case 3, the door from the floor, which is on the opposite side 
of the landing to the stair (see Fig. 2 and Fig. 3(c)), is located on the wall dead against the centre of outgoing stair, while in 
case 4, the door from the floor, which is adjacent to the outgoing stair (see Fig. 2 and Fig. 3(d)), is located in the corner 
furthest from the stairs and on the wall perpendicular to the stairs. The landing has dimensions of 1.5 m wide by 3.0 m long 
and the incoming/outgoing stair has a width of 1.5 m with 9 risers. The door leading onto the landing is 1 m wide and can 
allow two people through at a time. The door is assumed to be fully open at the start of and during the simulation and does 
not obstruct either the stair or the floor population.  
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Fig. 2. Geometry for numerical simulation showing four floor–stair interface regions on main landing. 
  
(a) Case 1 (b) Case 2 
  
(c) Case 3 (d) Case 4 
Fig. 3. Representation within the software of the four geometries investigated in numerical simulation with the floor connected to the landing. (Case 1: the 
door from the floor is adjacent to the incoming stair; Case 2: the door from the floor is on the opposite side of the landing to the incoming stair; Case 3: the 
door from the floor is on the opposite side of the landing to the outgoing stair; Case 4: the door from the floor is adjacent to the outgoing stair). 
A platform was connected to the landing via the door. The platform was some 5 m long and 4 m width and the areas are 
sufficiently wide to allow 100 people to be accommodated (Fig. 3), while the stairs can accommodate a maximum of two 
people per tread. The populations used in this numerical simulation consisted of a random mixture of people with speeds 
ranging from 0.60 m/s to 1.5 m/s, sizes ranging from 0.35 m to 0.65 m, and exit is nearest.  
4. Simulation results 
In this paper, the building with 5, 10, 15, 20, 25 and 30 floors, respectively, are adopted to do the simulation. There are 
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45 people on each floor. After simulation in computer, the results are obtained and expressed in following figures. Fig. 4 
shows that the evacuation times in the four cases are almost linear functions to the numbers of floors. Furthermore, no 
matter which case you select, the evacuation time of the whole building is almost the same. However, we can change the 
scheme to let the people lies in the more dangerous floors to escape prior. When the disaster happen, it is difficult for us to 
control the people’s behaviors, especially while their life is threatened. Thus the reasonable design of those evacuation 
doors is very important to stop some undesired accidents happening. In this paper, the main aim is to find a more suitable 
place for the evacuation door, such as while accidents happen, those people lie in upper floors can obtain more evacuation 
priority. In the following let’s come to see which is the best in the four cases to improve the escaping probability of those 
people lie in upper floors. Let’s take a building with 20 storeys as an example. 
Figure 5 shows that the time of the top floor’s occupants entering the merging area (floor-stair interface) on 19th floor. In 
the four cases, we can obtain case 1 is the worst, case 2 is better than case 3, and case 4 is the best. Then, we can go back to 
observe the evacuating process of the four cases, and find the door of the case 4 is the nearest to the outgoing stair in the 
four cases, case 3 is the second, case 2 is the third, case 1 is the furthest. With the theory of longer distance needing more 
time to evacuation, we can conclude that four cases queued by evacuation time from long to short is case 1-case 2-case 3-
case 4. However, by Fig. 5, we find case 3 becomes worse than case 2 from 43 s to the end, which is not fully conforming 
with the theory of longer distance needing more time to evacuation. Now, we come back to observe the evacuating process 
again, and find that the people on floor 20 is easier to insert to the evacuation team formed by the people on floor 19 in case 
2 than case 3. Thus, in case 3, most of the evacuees coming from floor 20 are blocked in the merging area (floor-stair 
interface) on 19th floor.  With those aforementioned, we can obtain that the case 2 and case 4 is more propitious to the 
evacuation of the top floor evacuees than case 1 and 3.  
 
Fig. 4. Evacuation time of case 1 with different number of 
floors. 
Fig. 5.  Time of the top floor’s evacuees entering the merging 
area (floor-stair interface) on 19th floor. 
Figure 6 illuminates the time of the upper 5 floors’ occupants entering the merging area (floor-stair interface) on 14th 
floor. From this figure, we can know that the case 2 is the best situation, which can obtain the fastest evacuation speed of the 
upper 5 floors. Then, let’s come to see the Fig. 7, which is the average flow rate of the four cases, from which, we can 
obtain the flow rate of most floors in case 2 is lower than the other cases, that mainly because the case 2 is more propitious 
to the upper floors’ evacuation, that can block the lower floors to evacuation, and results in the low flow rate in the lower 
floors. 
  
Fig. 6. Time of the upper 5 floors’ evacuees entering merging 
area (floor-stair interface) on 14th floor. 
Fig. 7. Average evacuation flow rate of each floor of the 
building with 20 floors. 
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Figure 8 shows the time of the 10th floor’s evacuees entering the 10th floor merging area (floor-stair interface). In this 
figure, we can obtain that case 3 has the most advantage of evacuating the people from 10th floor to the10th floor merging 
area. Case 1 is the second, case 4 is the third, and case 2 is the worst. That is to say, case 2 has no any advantages to the 
evacuation of the floors on the center part of the building; however the whole building’s evacuation times of the four cases 
are almost the same. Thus, we can deduce that the upper floors have obtained the priority to evacuate, and this is also 
conforming to the results obtained from Figs. 5-7. Furthermore, this will also be confirmed in the following simulation 
results. 
Figure 9 is the evacuation time of the top floor, from this figure, we can obtain that the first person evacuation time in the 
four cases are 508 s in case 1, 486 s in case 2, 505 s in case 3, and 501 s in case 4, and the priority of case 2 is obvious. Thus, 
the whole evacuation time of the top floor also shows that the case 2 is the best. However, from Figs. 10 and 11, we obtain 
that case 2 is not the best case to obtain the shortest evacuation time of floor 15 and 10. Especially, after 440 s in Fig. 10 and 
300 s in Fig. 11, the evacuation speeds of cases 2 are changed from the best to the worst. Is that any abnormity happening in 
this model? The answer is no. Let’s come to see the evacuation process, we can find that the evacuation is smooth for the 
first 15 evacuees in Figs. 10 and 20 evacuees in Fig. 11, but it becomes unsmooth because the current floor’s evacuees’ 
evacuations are blocked by the occupants come from the upper floors after 385 s in Fig. 10 and 248 s in Fig. 11, and the 
evacuations of the current floors become difficult. By contrasting Fig. 9 with Fig. 10 and Fig. 11, it is interesting to find 
case 2 can shorten the top-floor evacuees’ waiting time on the stairs but lengthen the current floors’ evacuees waiting time. 
 
Fig. 8. Time of the 10th floor’s evacuees entering the 10th floor 
merging area (floor-stair interface).  
Fig. 9. The evacuation time of the top floor.  
5. Conclusions 
Four evacuation studies, designed to consider the merging behaviour at the floor-stair interface of high-rise building, 
have been presented in this paper, and the focus of this paper is to study the impact on evacuation of the geometrical 
location of the door from the floor to landing. The building with 5, 10, 15, 20, 25 and 30 floors respectively are adopted to 
do the simulation. Results show that the four cases almost have the same whole evacuation times, i.e. the geometrical 
location of the door from the floor to landing has little impact to the whole evacuation time. Furthermore, with the increase 
of the number of storeys, the evacuation time is almost a linear function to the number of storeys. Moreover, simulation 
results also indicate that different geometrical location of the door from the floor to landing is essential for the evacuation of 
the upper floors’ evacuees, especially for the top floor’s evacuees. Additionally, a building with 20 floors is taken as a focus 
example. Results show that case 2, the door from the floor is on the opposite side of the landing to the incoming stair, is the 
best situation to improve the upper floors’ evacuation effect, and restrain the lower floors’ evacuation.  
From Fig. 9, we find that the first person on the top floor evacuates from the building is 508 s in case 1, 486 s in case 2, 
505 s in case 3, and 501 s in case 4, respectively. Now let’s come to see Fig. 10 and Fig. 11. From these two figures, we can 
obtain that the first 15 evacuees (in Fig. 10) and the first 18 evacuees (in Fig. 11) can be evacuated smoothly from the floor 
to staircase. However it becomes unsmooth after 385 s in Fig. 10 and 248 s in Fig. 11, that’s mainly because the current 
floor’s evacuation is blocked by those occupants come from the upper floors, and results in difficulty in the current floor’s 
evacuation. By comparing Fig. 9 with Fig. 10 and Fig. 11, it is interesting to find case 2 can shorten the top-floor evacuees’ 
waiting time in the staircase, but lengthen the current floors’ evacuees waiting time. Thus, the priority to the evacuation of 
the upper floors’ evacuees in case 2 is obvious. Meanwhile, we also can obtain that the door from the floor is adjacent to the 
incoming stair, is the worst situation, which can restrain the upper floors evacuation, and improve the lower floors 
evacuation. 
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In conclusion, in the four cases, we can obtain that case 2 is the most advantageous to the evacuation of the upper floors’ 
evacuees, and make against the evacuation of the lower floors’ evacuees. Therefore, under some emergencies, especially it 
is more dangerous for the upper floors’ people and need to evacuate them as soon as possible, the door located like case 2 
will play an essential role to lessen the loss of the emergencies. 
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